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[57] . ABSTRACT

An electromagnetic rotation control element, for andle
rotation control device for internal combustion engines,
include a magnet housing with at least two magnetic
poles and with a rotating armature with an even number
of pole pieces that cooperate with magnetic poles, and
with a restoring spring that acts on the rotating arma-
ture. For the purpose of increasing the influencing pos-
sibilities for achieving the required charactenzmg line
of the rotation control device, each pole piece 1s divided
into two pole piece sections, located next to each other
in the axial direction and having differently formed
contour lines. The one contour line has the shape of an
arc of a circle, while the other contour line increasingly
deviates from the one pole piece end to the other from
this arc of a circle shape.

26 Claims, 2 Drawing Sheets
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ELECTROMAGNETIC ROTATION CONTROL
DEVICE |

The invention is related to an electromagnetic rota-
tion control device, in particular an idle rotation control
element for internal combustion engines.

BACKGROUND OF THE INVENTION

Rotation control devices of this type operate in ac-
cordance with the reluctance principle, in that a torque
acting against a restoring spring 1S generated via the
angle of rotation of a rotating armature by a change of
the magnetic resistance in the working air gap between
the pole pieces of the rotating armature and the mag-
netic poles of the magnet housing. In this case the mag-
netic resistance can be affected by the cross section of
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the active magnetic field, the field length and the rela-

tive permeability. | |

In a known rotation control element of this type
(German Patent Disclosure DE 35 22 993 A1l; U.S. Pat.
No. 4,724,349 and U.S. Pat. No. 4,494,517), the gradient
of surface overlapping of the magnetic pole and pole
piece is utilized via the angle of rotation of the rotating
armature. For this purpose the pole pieces are embodied
in a wedge shape, viewed crosswise to the axis of rota-
tion of the rotating armature, where the flanks, located
opposite each other in the axial direction and running
towards each other, extend straight or in a curve 1n
order to realize a required flow-through characteristic.
In the case of small surface overlapping, changes in the
relative permeability of the sinter metal of the pole
pieces are superimposed. where the partial areas extend
as far as the saturation induction. This saturation acts in
the way of an enlargement of the air gap. The amount of
the air gap enlargement cannot be practically deter-
mined and in its use means an increase in the tolerance
of the drive torque and thus of the characteristic line of
the rotation control element.

OBJECT AND SUMMARY OF THE INVENTION

In contrast thereto. the rotation control device has an
advantage that. in place of a change in the area for
affecting the magnetic resistance in the air gap, the air
gap itself s changed as a function o the angle of rota-
tion. The combination of the two profile outlines at the
pole piece makes possible more degrees of freedom in
the selection of the pole piece width of the pole piece
sections and in the size of the working air gaps and the
axial thickness of the two pole piece sections. By means
of an appropriate selection of these possibilities of influ-
ence, a representation of the required characteristic line
of the rotation control element with narrow tolerances
Is possible.

Advantageous further embodiments and improve-
ments of the rotation control element disclosed are
possible. |

In accordance with a preferred embodiment of the
invention, the pole pieces are preferably made of one
piece with a pole ring, which is seated on the rotating
armature. Fastening of the pole ring onto the rotatable
armature is fixed against rotation by pressing the pole
ring onto the armature. The tool life of a stamping or
precision stamping tool permits manufacture to closer

tolerances and thus supplies closer product tolerances

than a sintering tool.
When pressing the pole ring onto the rotatable arma-
ture with a press fit, the pole ring has, in accordance
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with a further embodiment, a passage into which at least
two diametrically opposed ring segments extend. The
interior ring walls of the ring segments form the press {it
with the rotatable armature. The press diameter is re-
duced because of this embodiment of the pole ring and
thus increased production assurance 1s achieved. Four
ring segments with a width, looking in the peripheral
direction, of 45° each are preferred for the press fit.

In a preferred embodiment of the invention the pole
ring with pole pieces is embodied as laminated armature
stampings of transformer sheet metal with a plurality of
equal sheet metal cuts adjoining each other 1n the axial
direction. Based on the increased permeability and re-
duced magnetic losses attained by this and taking into
consideration the grain of the transformer sheet metal,
further refining of the rotation control element with an
even greater approach to the ideal characteristic s pos-
sible. Further improvements can be achieved by the use
of materials of higher quality.

The invention will be better understood and further
objects and advantages thereof will become more ap-
parent from the ensuing detailed description of pre-

ferred embodiments taken in conjunction with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal section of an electromagnetic
rotation control device,
FIG. 2 is an enlargement of a top view of a pole ring

in the rotation control device in accordance with FIG.
1, |
FIG. 3 is a view of the pole ring in the direction of the
arrow 111 of FIG. 2,

FIG. 4 is a top view of a pole ring in the rotation
control device of FIG. 1 in accordance with a further

exemplary embodiment,
FIG. §is a view of the pole ring in the direction of the
arrow V in FIG. 4.

DESCRIPTION OF.- THE PREFERRED
EMBODIMENTS

The electromagnetic rotation control device shown
in ,longitudinal section in FIG. 1, used as an idle rota-
tion control device for an internal combustion engine,
has a cylindrical, non-magnetic housing 10 on one of the
front ends of which a bearing element 11 of plastic has
been inserted. An inflow connector 12 and an outflow
connector 13 are embodied at the other end of the cylin-
drical housing 10, the axes of which are aligned with
each other and extend crosswise to the longitudinal axis
of the housing 10. In its use as an idle rotation control
device for an internal combustion engine, the inflow
connector 12 is connected with an aspirating tube seg-
ment upstream of a throttle valve, and the outflow
connector 13 is connected with an aspirating tube seg-
ment downstream of the throttle valve. A ring-segment-
shaped throttle member 14 is disposed between the
inflow connector 12 and the outflow connector 13,
which can be rotated around the axis of the housing 10
and in this way opens a cross section 15 in the outflow
connector 13 to a greater or lesser extent.

A shaft 16 is firmly pressed with one end into the
bearing element 11 and the other end is inserted in a
coaxial housing tang 17 formed with the inflow and
outflow conne ors. The housing tang radially extends
away from the housing wall in the area of the transition
from the inflow connector 12 to the outflow connector
13. A rotatable armature 20 is rotatingly seated on the
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shaft 16 by means of two spaced roller bearings 18, and
19. The armature is maintained in a base position by a
helical spring 21, used as a restoring spring, in which
one end of the restoring spring engages the rotating
armature 20 and the other end of the spring engages the 5
bearing element 11. A throttle member 14 i1s connected
with the rotating armature 20 and fixed against rotation
on the armature for rotation with the armature.

The rotatable armature 20 comprises a cylindrical
pole sleeve 22 and a pole ring 23, seated on the pole 10
~ sleeve 22, on which two pole pieces 24, 25, located
diametrically opposed from each other, are embodied
(F1G. 2). Each pole piece 24, 25 cooperates with a
magnetic pole 26, 27 on a sleeve-like magnet housing 28
which surrounds the rotating armature 20 at a distance. 15
Each magnetic pole extends radially from the magnet
housing 28. The magnetic poles 26, 27 are located coaxi-
ally in relation to the pole pieces 24, 25, and a working
air gap is maintained between each of them. On the end

facing away from the magnetic poles 26, 27, the magnet 20 -

housing 28 abuts a disk-shaped ground yoke 33, which

is pressed against the magnet housing 28 by a radial
wedge 29, by means of which the magnet housing 28 is
supported at one end on an annular shoulder 34 in the
housing 10 in the vicinity of the magnetic poles 26, 27. 25
The ground yoke 33 has a central opening, through
which the pole sleeve 22 of the rotatable armature 20
extends, leaving free an annular air gap 36. The pole
sleeve 22 1s enclosed by a cylindrical coil support 37 of

a plastic material. An annular gap, which permits the 30
rotation of the pole sleeve 22, remains between the
latter and the coil support 37. A magnetic coti 38 1s
wound on the coil support 37, which has a cylindrical
middle portion with outwardly extending end posi-
tioned as shown in cross-section. The coil support 3715 35
fastened to the ground yoke 33 by means of three
screws 30.

As can be seen in the enlarged illustration of the pole
rings 23 in FIGS. 2 and 3. the pole pieces 24, 25 are
made of one piece with the pole ring 23. The pole ring 40
23 1s cross-divided and comprise two pole ring halves
23a and 235 lying axially next to each other, with corre-
sponding pole piece sections 24a. 25a or 245, 25b lying
axially next to each other. In the exemplary embodi-
ment of FIGS. 2 and 3, the two pole ring halves 23a and 45
23b and the corresponding pole piece sections 24a and
245 or 25a and 256 have the same axial thickness. How-
ever, it 1s possible to choose the latter to be different in
the two pole ring halves 232 and 23b. The pole piece
sections 24a and 246 or 25a and 250 are segment-shaped 50
and have a different arcuate width, looking in the pe-
ripheral direction, and their contour lines additionally
run differently. While the contour line 395 or 40b of the
pole piece sections 245 or 25 1s located on a concentric
arc of a circle, the contour line 39¢ or 40a of the pole 55
piece sections 24a or 258a increasingly deviates from this
arc of a circle from the one end of the pole piece to the
other end of the pole piece. The steady increase in the
deviation from the shape of the arc of a circle extends n
the direction of rotation of the rotatable armature 20, so 60
that the working air gap 31, 32 decreases with increased
turning of the pole piece sections 24a and 23a nto the
magnetic poles 26 and 27. The pole ring halves 232 and
2354 1n a stack are pushed with their passages 41 onto the
pole sleeve 22 and forced on it under pressure so that 65
the pole ring halves rotate with the pole sleeve 22.

The embodiment of the pole ring 23" in FIGS. 4 and
5 differs from the pole ring 23 in accordance with

4

FI1GS. 2 and 3 in that the pole ring 23’ is produced with
pole pieces 24 and 25 laminated from transformer sheet
metal. The pole ring 23° embodied as armature stamp-
ings consists of a plurality of equal sheet metal cuts 4
adjoining each other in the axial direction. Because of
this embodiment the pole ring 23" has a higher permea-
bility and reduced magnetic losses. The pole ring 23’ 15
fixed on the pole sleeve 22 by press fitting as for the pole
ring 23. For this purpose four ring segments 43 radially
extending from the ring surface are provided in the
passage 41’ of the pole ring 23', which are disposed
offset by the same angle of rotation on the interior cir-
cumference of the pole ring 23'. Each ring segment 43
has a width of approximately 45°. The pole ring 23" 1s
pushed on the pole sleeve 22 by means of a pressing
tool. A reduction of the press diameter is achieved by
means of the four ring segments 43. Press fitting 1s
achieved between the interior ring walls of the ring
segments 43 and the pole sleeve 22.

In the embodiments of the pole ring 23 or 23" de-
scribed here the pole piece sections 24a and 246 or 25a
and 256 are embodied with different widths, however,
they are aligned in the axial direction with their one end
edge. Depending on the need, it is also possible for
attaining the ideal characteristic of the characteristic
line of the rotation control device to rotate the pole ring
halves 23a and 23b in respect to each other in such a
way that the edges of the borders of the pole piece
sections 24a and 24b or 254 and 255 are not aligned 1n
the axial direction. Further than that, it is possible for
the pole piece sections 24ag and 24b or 25a and 25) not
to have the same width. In this connection it 1s essential
that the contour lines 39z and 40a of the pole piece
sections 24a and 25¢ and the contour lines 396 and 405
of the pole piece sections 245 and 256 take courses
which deviate from each other, as described.

The foregoing relates to preferred exemplary em-
bodiments of the invention, it being understood that
other variants and embodiments thereof are possible
within the spirit and scope of the invention, the latter
being defined by the appended claims.

What is claimed and desired to be secured by letters
patent of the United States 1s:

1. An electromagnetic rotation control device, for an
idle rotation control device for internal combustion
engines, which comprises; a magnet housing, at least
two magnetic poles embodied on said magnet housing,
a rotatable armature rotatingly seated in the magnet
housing, an even number of pole pieces, each pole piece
supported on said armature cooperating with a mag-
netic pole and is coaxially disposed in relation to the at
least two magnetic poles, a working air gap is formed
between said at least two magnetic poles and said pole
pieces, a restoring spring connected to said rotatable
armature for restoring said rotatable armature to a de-

- sired position, a first pole piece (24) having first and

second oppositely disposed pole piece sections (244,
24b), a second oppositely disposed pole piece (25) hav-
ing third and fourth oppositely disposed pole piece
sections (25a, 25b), said first and second and said third
and fourth oppositely disposed pole piece sections are
placed side by side in an axial direction, said first and
third oppositely disposed pole piece sections have first,
second, third and fourth differently shaped contour
lines (39a, 40~ or 39b, 40b) as does said second and
fourth oppositely disposed pole piece sections, of which
said second and fourth differently shaped contour iines
(39b, 40b) are in a shape of an arc of a circle and said
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first and third differently shaped contour lines (39a, 40a)
increasingly deviate from a shape of the arc of the circle

from one end of the first and third pole piece sections to

an other end thereof.

2. A rotation control device in accordance with claim
1, in which said first and second oppositely disposed
nole piece sections (24a, 24b) and said third and fourth
pole piece sections (25a, 25b) have a different width,
looking in a peripheral direction.

3. A rotation control device in accordance with claim
1, in which said first and third and said second and
fourth oppositely disposed pole piece sections are dis-
posed rotated in relation to each other in a peripheral
direction. |

4. A rotation control device in accordance with claim
2. in which said first and third and said second and

10

15

fourth oppositely disposed pole piece sections are dis-

posed rotated in relation to each other in a peripheral
direction. o

5. A rotation control device in accordance with claim
1, in which said first and second pole pieces (24, 25) are
embodied on a pole ring (23; 23’) seated on the rotatable
“armature (20) for rotation therewith.

6. A rotation control device in accordance with claim
2, in which said first and second pole pieces (24, 25) are
embodied on a pole ring (23; 23') seated on the rotatable
armature (20) for rotation therewith.

7. A rotation control device in accordance with claim
3, in which said first and second pole pieces (24, 25) are
embodied on a pole ring (23; 23’) seated on the rotatable
armature (20) for rotation therewith.

8. A rotation control device in accordance with claim
4, in which said first and second pole pieces (24, 23) are
embodied on a pole ring (23; 23') seated on the rotatable
armature (20) for rotation therewith.

9. A rotation control device in accordance with claim
5. in which the pole ring (23; 23') is of one piece with the
first and second pole pieces (24, 23).

10. A rotation control device in accordance with
claim 5, in which the pole ring (23; 23') is pressed onto
the rotatable armature (20) with a press fit.

11. A rotation control device in accordance with
claim 9, in which the pole ring (23; 23') 1s pressed onto
the rotatable armature (20) with a press fit.

12. A rotation control device in accordance with
claim 10, in which the pole ring (23') has a passage (41),
into which at least two ring segments (43) located dia-
metrically opposite each other extend radially from an
interior ring wall of said passage (40°) which provide
the press fit to the rotating armature (20).

13. A rotation control device in accordance with
claim 11, in which the pole ring (23') has a passage (41'),
into which at least two ring segments (43) located dia-
metrically opposite each other extend radially from an
interior ring wall of said passage (41’) which provide
the press fit to the rotating armature (20).

14. A rotation control device in accordance with
claim 12, in which a total of four ring elements (43) are
provided, which are offset from each other by a periph-
eral angle and which each have a width, looking in a
peripheral direction, of approximately 45°.

15. A rotation control device in accordance with
claim 13, in which a total of four ring elements (43) are
provided, which are offset from each other by a periph-
eral angle and which each have a width, looking 1n a
peripheral direction, of approximately 45°.

16. A rotation control device in accordance with
claim 5, in which the pole ring (23') with the first and
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6

second pole pieces (24, 25) is embodied in the form of
laminated armature stampings with a plurality of equal
sheet metal cuts (42) adjoining each other in an axial
direction.

17. A rotation control device in accordance with
claim 9, in which the pole ring (23') with the first and
second pole pieces (24, 25) is embodied in the form of
laminated armature stampings with a plurality of equal
sheet metal cuts (42) adjoining each other in an axial
direction.

18. A rotation control device in accordance with
claim 10, in which the pole ring (23') with the first and
second pole pieces (24, 25) is embodied in the form of
laminated armature stampings with a plurality of equal
sheet metal cuts (42) adjoining each other in an axial
direction.

19. A rotation control device in accordance with
claim 12, in which the pole ring (23') with the first and
second pole pieces (24, 25) is embodied in the form of
laminated armature stampings with a plurality of equal
metal cuts (42) adjoining each other in an axial direc-
tion. |

20. A rotation control device in accordance with
claim 14, in which the pole ring (23") with the first and
second pole pieces (24, 25) is embodied in the form of
laminated armature stampings with a plurality of equal
sheet metal cuts (42) adjoining each other in an axial
direction.

21. A rotation control device in accordance with
claim 5, in which the rotating armature (20) has a pole
sleeve (22), which is supported via roller bearings (18,
19) on a shaft (16) extending through the magnet hous-
ing and which supports on an inner end the pole ring
(23) with pole pieces (24, 25) and which extends on an
outer end through a ground yoke (33) of the magnet
housing (28), leaving an air gap (36) free.

22. A rotation control device in accordance with
claim 9, in which the rotating armature (20} has a pole
sleeve (22), which is supported via roller bearings (18.
19) on a shaft (16) extending through the magnet hous-
ing and which supports on an inner end the pole ring
(23) with pole pieces (24, 25) and which extends on an
outer end through a ground yoke (33) of the magnet
housing (28), leaving an air gap (36) free.

23. A rotation control device in accordance with
claim 10, in which the rotating armature (20) has a pole
sleeve (22), which is supported via roller bearings (18,
19) on a shaft (16) extending through the magnet hous-
ing and which supports on an inner end the pole ring
(23) with pole pieces (24, 25) and which extends on an
outer end through a ground yoke (33) of the magnet
housing (28), leaving an air gap (36) free.

24. A rotation control device in accordance with

claim 12, in which the rotating armature (20) has a pole

sleeve (22), which is supported via roller bearings (18,
19) on a shaft (16) extending through the magnet hous-
ing and which supports on an inner end the pole rning
(23) with pole pieces (24, 25) and which extends on an
outer end through a ground yoke (33) of the magnet
housing (28), leaving an air gap (36) free.

25. A rotation control device in accordance with
claim 14, in which the rotating armature (20) has a pole
sleeve (22), which is supported via roller bearings (18,
19) on a shaft (*6) extending through the magnet hous-
ing and which supports on an inner end the pole ring
(23) with pole pieces with pole pieces (24, 25) and
which extends on an outer end through a ground yoke
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(33) of the magnet housing (28), leaving an air gap (36)  jng and which supports on an inner end the pole ring

free. (23) with pole pieces (24, 25) and which extends on an

26. A rotation control device 1n accordance with i th N 4 voke (33) of th t
claim 16, in which the rotating armature (20) has a pole ~ OUl€T €nc through a ground yoxe (33) of the magne

sleeve (22), which is supported via roller bearings (18, 5 housing (28), leaving an air gap (36) free.
19) on a shaft (16) extending through the magnet hous- * % % * *
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